Aims. We investigate the optical/near-infrared light curve of the afterglow of GRB 080710 in the context of rising afterglows. Methods. Optical and near-infrared photometry was performed using the seven channel imager GROND and the Tautenburg Schmidt telescope. X-ray data were provided by the X-ray Telescope onboard the Swift satellite. We construct an empirical light curve model using the available broadband data, which is well-sampled in the time and frequency domains. Results. The optical/NIR light curve of the afterglow of GRB 080710 is dominated by an initial increase in brightness, which smoothly turns over into a shallow power law decay. At around 10 ks post burst, there is an achromatic break from shallow to steep decline in the afterglow light curve with a change in the power law index of ∆α ∼0.9. Conclusions. The initially rising achromatic light curve of the afterglow of GRB 080710 can be accounted for with a model of a burst viewed off-axis or a single jet in its pre deceleration phase and in an on-axis geometry. An unified picture of the afterglow light curve and prompt emission properties can be obtained with an off-axis geometry, suggesting that late and shallow rising optical light curves of GRB afterglows might be produced by geometric effects.
Introduction
The launch of the Swift satellite (Gehrels et al. 2004 ) in 2004 opened a new field of Gamma-Ray Burst (GRB) afterglow physics. With its precise localization by the Burst Alert Telescope (BAT; Barthelmy et al. 2005) , rapid slewing capabilities and early follow up with two instruments in the X-ray and ultraviolet/optical regime, studies of the early afterglow phase were possible for the first time with larger sample statistics of around 50 per year.
Long GRBs are generally classified according to the spectral properties of their prompt emission. While conventional GRBs (CGRBs) have the peak energy of their observed spectrum in the 300 keV range (Preece et al. 2000) , the spectrum of X-ray rich bursts (XRRs) and X-ray flashes (XRFs) peak at significantly lower energies, typically around 50 keV for XRRs or 10 keV for XRFs respectively (e.g. Heise et al. 2001; Kippen et al. 2003) . The spectral and temporal properties (e.g. Sakamoto et al. 2005) and their similar afterglows as compared to CGRBs provide strong evidence, though, that XRRs/XRFs represent a softer region of a continuous GRB distribution (e.g. Lamb et al. 2005; Sakamoto et al. 2008 ).
An unified picture of the subclasses of GRBs can be obtained when attributing the observed differences in their peak energy to different angles with respect to the symmetry axis of the jet (e.g. Yamazaki et al. 2002) . The kinetic energy in the jet per solid angle ε is usually parametrized as a top hat (e.g. Rhoads 1999; Woods & Loeb 1999) , Gaussian (Zhang & Mészáros 2002) , power law structured outflow with ε ∝ (θ/θ jet ) −q , or a top hat with lower energetic wings. The resulting shape of the afterglow light curve then depends on the viewing angle and jet structure (e.g. Rossi et al. 2002) .
In an inhomogeneous jet model, the initial bulk Lorentz factor as well as the specific deceleration time and radius are dependent on the distance to the symmetry axis of the jet . Hence, a geometric offset of the observers line of sight from the jets symmetry axis will have a distinct signature in the optical light curve (e.g. . Due to the relativistic beaming of the decelerating ejecta, an observer located off-axis to the central jet will see a rising optical afterglow light curve at early times (e.g. Panaitescu et al. 1998; Granot et al. 2002) . The steepness of the rise would then be characteristic of the off-axis angle and the jet structure: the farther the observer is located from the central emitting cone or the faster the energy per solid angle decreases outside the jet, the shallower is the observed rise in a structured jet model (Panaitescu & Vestrand 2008) . A restframe peak energy E rest peak consistent with an XRF would thus correspond to a shallow rise or early plateau phase of the afterglow. With decreasing off-axis angle, both E rest peak and the optical afterglow rise index will increase to XRRs and steeper rising early afterglow light curves. 
Observations
At T 0 =07:13:10 UT on 10 July 2008, Swift triggered and located GRB 080710, but did not slew immediately to the burst . Due to an observing constraint, observations with the two narrow field instruments, the X-ray-(XRT; Burrows et al. 2005) and UV/Optical Telescope (UVOT; Roming et al. 2005 ) started 0.87 h and 0.89 h after the trigger (Landsman & Sbarufatti 2008) . The burst had a relatively smooth fast rise -exponential decay structure with T 90 (15-350 keV) = 120±17 s and weak indication of a precursor 120 s before the main peak (Tueller et al. 2008) . Above 100 keV, the burst is only marginally detected by BAT and its spectrum is well described with a single power law of index −1.47±0.23 with a total fluence in the 15-150 keV range of 1.4±0.2·10
−6 erg/cm 2 (Tueller et al. 2008) . Using the spectral slope from the BAT data, and following Sakamoto et al. (2009) , the peak energy of the prompt emission spectrum can be constrained to 110
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−60 keV including the uncertainties of the BAT power law slope. The fluence ratio of GRB 080710 between the two BAT bands 25-50 keV and 50-100 keV is S(25-50 keV)/S(50-100 keV) = 0.70±0.15, and the burst thus qualifies as a CGRB in the observers frame, with errors ranging into XRRs when applying the working definition of Sakamoto et al. (2008) .
Assuming a spectral shape of a Band function (Band et al. 1993 ) with a peak energy of around 110 keV and a high energy index of −2.5, standard ΛCDM cosmology (Ω M =0.27, Ω Λ =0.73, H 0 =71(km/s)/Mpc) and a redshift of 0.845 (Perley et al. 2008; Fynbo et al. 2009 ) we derive a bolometric energy release for GRB 080710 of log E γ,iso [erg]=51.75 with a restframe peak energy of E rest peak ∼200 keV. Peak energies of the observed prompt spectrum of 50 keV, 300 keV or 500 keV result in log E γ,iso [erg]≈51.70, 51.94 or 52.14, respectively. Compared to a sample of previous bursts with known redshift (e.g. Amati et al. 2008) , these estimates put GRB 080710 to the lower energy end of GRBs, with an inferred bolometric energy release of around 10 3 times less than the extremely energetic GRB 080916C (Abdo et al. 2009; Greiner et al. 2009a ). Hence, a low E rest peak in the 50-200 keV range is also supported by the Amati relation (Amati et al. 2002) , consistent with the best estimate value using the BAT spectral slope. Given the low redshift and the prompt emission properties for GRB 080710, it seems thus very likely that E rest peak is in a range which is typically associated with a XRR in the GRB rest frame (100-300 keV, Sakamoto et al. 2008) , though a hard burst cannot be completely ruled out by the observations. GROND (Schulze et al. 2008 ). In addition, GROND imaged the field of GRB 080710 3 and 4 days after the burst.
The XRT light curve was downloaded from the XRT light curve repository (Evans et al. 2007 ) and spectra were obtained with the xrtpipeline tool using the latest calibration frames from the Swift CALDB and standard parameters. The spectra were fitted using the XSPEC package (Arnaud 1996 ) with a foreground hydrogen column density at the Galactic value of N H =4.1×10 20 cm −2 (Kalberla et al. 2005) . Optical/NIR data (see Tab. 1 and 2) were reduced using standard IRAF tasks (Tody 1993) similar to the procedure outlined in Krühler et al. (2008) .
Results

Afterglow light curve
The optical light curve (Fig. 1) exhibits two salient features during the observation. First, it shows an initial rise in brightness up to a peak at around 2000 s, and second, there is a break in the light curve at roughly 10 ks.
The light curve was parametrized with an empirical model of three smoothly connected power laws. The global χ 2 of F ν,i (t), where i denotes the individual filter or bandpass, was minimized by assuming an achromatic functional form of F ν,i (t)=η ν,i × F ν (t) where only the overall flux normalization η ν,i depends on the filter. F ν (t) was adapted from Liang et al. (2008) . As a result of the high precision of the data and good sampling in time domain, all parameters were left free to vary and are presented in Tab. 3. In principle, all fit parameters depend on the choice of T 0 . Setting T 0 to the time of the precursor (i.e. -120 s), we find that the fit parameters describing the early/late power laws vary by a maximum of 20% and 2%, respectively. Hence, the uncertainty in T 0 does not change the obtained results significantly or affect the overall conclusions.
Given that the decay after the peak at 2 ks with an index of −0.63±0.02 is too shallow to be explained as the normal decay phase and the late temporal slope of −1.57±0.01 is roughly consistent with the closure relations for the normal decay in the ν m < ν < ν c regime for a homogeneous ISM and slow cooling case (α=3β/2), there is no apparent evidence for a jet-break before 350 ks, and thus θ jet > 10
• according to Sari et al. (1999) .
Broad-band spectrum
Using the optical/NIR and X-ray data, the afterglow spectrum can be constrained over a broad wavelength range. Four different time intervals were selected to construct a broad band spectral energy distribution (SED, Fig. 2 ). The different epochs are indicated in the light curve plot with shaded regions, and the SED fit parameters are presented in Tab. 4. As already indicated by the light curve, there is no sign of spectral evolution throughout the observation. Both the early turnover from rising to falling, as well as the second break are achromatic with high measurement accuracy. The optical/NIR SED alone is consistent with a power law of the X-ray spectral index without strong signatures of curvature due to intrinsic reddening. The expected Galactic foreground extinction A V =0.23 mag (Schlegel et al. 1998 ) however is significant, so some amount of host extinction might be masked by the uncertainty in the foreground correction. In addition, the obtained optical data hardly probe the rest frame UV regime, where most of any intrinsic extinction would be apparent.
Given that the light curve evolution is similar in both energy ranges and the extrapolation of the X-ray data nicely matches the optical flux, i.e. β opt ∼ β ox ∼ β x , both the optical/NIR and X-ray emission probe the same segment of the afterglow synchrotron spectrum. This implies that the X-ray and optical data are above the typical synchrotron frequency ν m and in the spectral regime of max(ν m , ν c ) < ν opt < ν X , or ν m < ν opt < ν X < ν c , where the latter is consistent with fireball model in a homogeneous ISM and slow cooling case. The spectral index of the electron distribution p would then be p=2β=2.00±0.02 or 2β+1=3.00±0.02, respectively. Given that not all bursts are consistent with the closure relations in the basic fireball scenario (e.g. Evans et al. 2008) , we consider both cases in the following. Consequentially, the expected break in the synchrotron afterglow spectrum at the cooling frequency ν c could be below the optical at the start of the observations 6 minutes after the burst, or, assuming ν m < ν < ν c , above the X-rays for the whole observational period.
Discussion
A number of previous bursts have shown a rising optical afterglow at early times, e.g. GRBs 060418, 060607A (Molinari et al. 2007 ) amongst others (e.g. Krühler et al. 2008; Ferrero et al. 2009; Greiner et al. 2009b; Oates et al. 2009; Rykoff et al. 2009; Klotz et al. 2009 ). Similar to the X-Ray Flash 071031 (Krühler et al. 2009 ), the optical SED does not show significant evolution during the rise, and all bands peak at the same time.
An achromatic rising component is generally related to either the onset of the fireball forward shock (e.g. Sari et al. 1999) seen face-on, or to an outflow seen off-axis (e.g. Panaitescu et al. 1998 ). In the first case, the apparent increase in brightness is caused by the increasing number of radiating electrons. The time (upper panel) . The data were fitted with a power-law, modified by a Galactic and intrinsic hydrogen column. The best fit power law is shown in dotted lines, the best fit model including the soft X-ray absorption in solid lines. In the lower panel the residuals of the data to the best fit model. of the light curve peak at T 0 +2 ks is much later than the end of significant γ emission (T 0 +40 s), so the afterglow can be described in the thin shell approximation. The jet is then expected to produce a peak in the light curve when the swept up circumburst medium efficiently decelerates the ejecta. Depending on the profile of the circumburst medium, the rise has indices of ∼2 (ν c < ν opt ) or 3 (ν c > ν opt ) in an ISM, or ∼0.5 in an wind environment (Panaitescu & Vestrand 2008) . Given that the majority of bursts prefer an ISM profile, and the late afterglow decline is consistent with it, we thus consider only the ISM thin shell case in the following.
In the off-axis case the peak is a geometric effect: as the shock wave decelerates, the relativistically beamed emission cone widens and gradually enters the sight line of the observer. The light curve morphology is then dependent on the jet's structure and off axis angle θ obs , and reaches a maximum when Γ ∼ (θ obs − θ c ) −1 where θ c is the angle of an uniform cone around the symmetry axis of the jet.
There is no evidence of chromatic evolution, which would be the case if the peak was caused by a moving ν m through the optical bands or dust destruction, and none of these processes produce the early rise. In addition, there is also no sign of a reverse shock, which is expected to decline with a temporal index of −1.75 for p=2 or −2.5 for p=3. The latter, however, might be masked by a dominating forward shock, or happened before the start of the GROND observations.
Decelerating ejecta in an on-axis geometry
If the light curve peak was caused by a jet in its pre deceleration phase, conclusions about the motion of the ultra-relativistic outflow from the central engine can be drawn. Using the time of the absolute light curve maximum t max ≈ 2 ks, log E γ,iso [erg]=51.70-52.14 and following Molinari et al. (2007) , we find initial Lorentz factors of the bulk outflow of around Γ -40) . This is at the very low end of the theoretically expected velocity of the outflow to produce γ-rays (e.g. Piran 2005) , and together with the divergence in the measured (1.1) and expected (∼2-3) rise index, makes the scenario of a single on-axis decelerating jet somewhat contrived. In addition, there seems to be a small population of late-peaking afterglows or long plateaus (e.g. XRF 030723 (Fynbo et al. 2004) or GRB 060614 (Della Valle et al. 2006) ) where the derived Lorentz-factor in an on-axis geometry from the optical afterglow peak are uncomfortably small. Furthermore, all previously observed rise indices have a broad distribution (cp. e.g. Panaitescu & Vestrand (2008) Klotz et al. (2009) and references therein) from early plateaus to very fast rising curves, and they do not cluster around the expected t 2−3 . Consequentially, it seems plausible that at least some rising afterglows are not caused by the onset of the afterglow, but rather by a geometrical offset of the observers sight line with respect to the jets central cone.
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Jet seen off-axis
Contrary to the model of an on-axis jet in its pre deceleration phase, an off-axis scenario is able to account for a broad range of observed rise indices. The peak time and rise index then relates to the off-axis angle or jet structure and therefore could describe a large diversity of early afterglows in a single framework (Panaitescu & Vestrand 2008) .
If the energy in the jet outer wings decreases rapidly, the early emission of the line of sight ejecta is negligible as compared to the central part, and the jet structure can be approximated as a homogeneous top-hat, where the burst energetics can be used to constrain the offset angle. Following Granot et al. (2002) , a homogeneous jet with a half opening angle θ jet and a Lorentz factor Γ seen off-axis at an angle θ obs will appear less energetic by a factor of b 6 , where b = Γ (θ obs − θ jet ). Assuming a mean value of log E γ,iso [erg] = 53 and, hence adopting b 6 10 for GRB 080710, it follows θ obs − θ jet 3
• /Γ 100 . E peak , if viewed on-axis, would then be b 2 E obs peak ≈ 300 keV. However, the jet geometry does not necessarily have to be a simple top-hat. In a realistic jet model, the jet viewed offaxis is inhomogeneous, i.e. has a top-hat structure with wings of lower energy, or is Gaussian shaped (e.g. Zhang et al. 2003; Eichler & Granot 2006 ). In addition, some bursts show evidence that their jet structure is a composition of two jets (Berger et al. 2003; Granot et al. 2006; Racusin et al. 2008) . In this two component jet model a narrow, fast jet produces the γ-rays and early afterglow, and a slow wide jet dominates the late afterglow emission (Peng et al. 2005) .
In these cases, the resulting afterglow light curve in an offaxis geometry is a superposition of two different components: the emission from the ejecta with lower Lorentz-factors, typically dominating at late times, and the relativistic spreading of the decelerating jet around the symmetry axis. The relative energies, jet structure and offset angle then define the light curve morphology. In particular, the delayed onset of the broad jet emission in its pre deceleration phase might be responsible for the shallow decay observed after the peak. Remarkably, the light curve is equally well (χ 2 =485 for 425 d.o.f) fit using the sum of the afterglow of two jets, where the narrow one is viewed slightly off-axis (Fig. 3) . Hence, the shallow decay phase could be the result of the superposition of the normal decay phase of the narrow-jet afterglow and the rise of the broad jet with Γ 0 ∼50, θ jet > 10
• in its pre deceleration phase. After the emergence of the broad jet afterglow, it subsequently dominates the light curve morphology (Fig. 3) . The two component model thus provides a phenomenological explanation for the shallow decay phase by attributing the shallow slope to the increasing energy Time since GRB trigger [s] Fig. 3 . Two component fit for GRB 080710 as the superposition of the afterglow of two jets with ν m < ν opt < ν X < ν c and p∼3 for both components. The narrow jet is viewed slightly off-axis and produces a shallow rise as its emission spreads during deceleration due to relativistic beaming effects. The broad jet is viewed on-axis with Γ 0 ∼ 50, θ jet > 10
• and has the expected steep rise during its pre deceleration phase. Shown is the GROND r ′ band data, all other bands are omitted to enhance clarity. dissipation in the pre deceleration phase of the broader jet in a specific jet configuration. The opening angle of the narrow jet can be constrained from the light curve fitting to around 2-4
• , but its jet break is masked by the brighter broad jet at later times (Fig. 3 ). An alternative, jet geometry independent mechanism of energy injection during the shallow decay phase is the refreshed shock scenario (e.g. Rees & Meszaros 1998; Zhang et al. 2006) . A long lived central engine or a simultaneous ejection of shells with a distribution of Lorentz factors could cause the continuous energy injection required for a shallow decay (e.g. Nousek et al. 2006 ).
An off-axis viewing angle in a two component or structured jet model with an energy injection can thus provide a consistent picture for the light curve morphology and the relatively low estimates of E γ, iso and E rest peak of the prompt emission of GRB 080710. In an off-axis scenario, a lower E rest peak of the prompt emission spectrum would correspond to a later and fainter afterglow maximum, as both are caused by geometric effects. We caution that the spectral properties of BAT bursts are generally not well constrained, and GRB 080710 is no exception in this aspect. The BAT data, however, indicate a mildly soft event, which could be associated with a XRR in the bursts restframe, consistent with the off-axis interpretation of the optical light curve in an unified model.
Conclusions
The broad-band light curve of the afterglow of GRB 080710 shows two salient features, both achromatic with high precision: an early rise in its brightness, peaking at ∼2 ks, and a turnover from a shallow to steep decline at ∼10 ks. The early rise can be caused by a jet in its pre deceleration phase, or a viewing angle outside the central cone. The latter scenario is naturally able to explain a late-rising afterglow for a soft and weak burst due to a viewing angle offset with respect to the symmetry axis of the jet. An off-axis scenario provides a consistent description of the properties of GRB 080710, and can additionally ac-count for a broad range of rise indices. Consequentially, some of the rising afterglow light curves, especially late and shallow ones, might not represent the same class of afterglows which rise due to increasing emission in the pre deceleration phase, but rather provide evidence for an off-axis location of the observer. The achromatic early increase in brightness observed in the mildly soft GRB 080710 is too shallow to be accounted for with the onset of the afterglow, but significantly steeper than recently observed in the XRFs 071031 (Krühler et al. 2009 ) and 080330 (Guidorzi et al. 2009 ). This might already hint on a common dependence of E rest peak and the rise index of the early optical light curve on the off-axis angle as expected in an unified model: the softer the prompt emission, the more off-axis, and thus the shallower the rise. It remains to be tested with a larger sample of early afterglows with well constrained energetics and light curves of the prompt emission from combined Swift/BAT and Fermi/GBM detections, whether and how the structure of an early rise in the optical afterglow is related to prompt emission properties, and in particular, the rest frame E rest peak and E γ,iso . A possible correlation would then shed light on the nature of the early afterglow rise, the shallow decay segment, and the jet structure in general.
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